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This paper discusses P b e t a r Y  entry manewer8 
which include atmospheric capture for Mars 
velacities up t o  12 km/sec; atmospheric 
for Earth entry velocities up t o  21 km/sec; skip- 
out control t o  either a parkinn orbit or extended 

limits by the control system. This system must 
be able t o  perform adequately even though there 
ere errttr% i n  t h e  measuring itrstnrments and uncer- 
ta int ies  in the atmosphere characteristics. 

I 

i 
ranges; and t e r m i d  r&e control. 
results are conpared for both automatic and 
piloted-guidance sgst,tems. The results are we- 
sented t o  i l lus t ra te  the expected guidance per- 
formrtnce 8s cmpsred with the vehicle's f u l l  
capabfllties. Several factors Considered a E 3 l G T  
eentr&rer;ponserepafrearents,%keeffeetof 
-meem& WlXEs anQ atElQf@La~Cl4l~%~ies ,  
E d  the e e c t  Of veriow &isplay & contmf 
techniques. 

s i ~ t o r  

~~~ 

In  prwious studies"- the control of space 
vehicles entering the Earth's atmosphere from 
circular or near circular velocities have bsee 
analyzed. In  t h i s  paper these studies are 

control i n  the capture maneuvers, control durina 
skip out t o  eithff a parking orbit or t o  exten& 

t r ips  t o  the p u t s  have been studied i n  a num- 
ter ef recent i-uns.1-19 Stndies h4ve 

1 
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shmn #at V e K C l e s  r- kr ZalZth fl-Qn&these f3lRx3-m Ef+ P€Bm!im 
missions wil l  enter the  atmxphere at speeds of 
up t o  15 km/sec and perhap as high as 20 kq/sec. Trajectory 4r 

~~~~ ~~~ this method- VP arp 
led t o  a e r m c  braking in the atmosphere as 

must be able t o  control aercdynamic lift t o  
sat isfg several requirements. Initially on 

the undershoot boundary. 
appsoaches shave the overshoot trajectory, it 

If the  vehicle 



(€.e., equilibrium glide). The s tabi l i ty  of 
veeiclemations near eqilibrlnmflight -he 
illustrated by the trajectories of a vehicle 
trinmsed at a constant lift/drag ratio. Fig. 2 
presents trajectories of a constant L/D vehicle 
entering the Earth’s atmosphere at  subcircular 

s&--m. -*-=ltT*= 
circular velocity (Vi = 1) the vehicle is shown 
entering with positive lift which allows it t o  
maintain near equilibrium flight. We see these 
subcircular dymnics are dynamically stable about 
the equilibrium glide path; that is, the mDtions 
are oscillatory and there is a small amount of 
damping. 
supdrcular velocity (Vi = 2.7) negative lift 
is used t o  d n t a i n  near equilibrium fllght; how- 
ever, here we see the dynamics are unstable. 

backnut of the atmosphere, xfhile the ather ka- 
jectory vi th  just a small  change i n  entry condi- 
tions dims deeper into the atmosphere. !these 
uncontrolled dynamics are studied further i n  
detai l  in  references 30 t o  32 where they are 
considered analcgous t o  the classical aircraft 
phligoia motions. 

For the vehicle entering at extreme 

*+hew&** ~- 

The date i n  Fig. 2 shew that the  phugoid 
dynamics expected i n  supercircular entries are 
unstable and thus i l lus t ra te  the need for con- 
t ro l .  This control is cr i t ical ,  and fast 
respoase is needed for e e m e  Earth entry 
velocity where the t i m e  t o  double amplitude of 
the uncontrolled dynadcs can be on the d d e r  of 
5 B~COII~S.  
dynamics are sorsewfiat more stable than at Earth 
because the gravitational force is less; there- 
fore less l if t  is required t o  hold the vehie’ie 
near equilibrium lift. 

At Mars the supercircular phngoid 

Now we can point out i n  Fig. 2 the boundaries 
e#t*+El&ekI#Ieve8fe&e&€pem+Je~ €si&-- - 

vehicle is near equilibrium flight and is allowed 
tu f3y above tfie snpercfrcnlar eqnf~fbrimogffde 
path, it will skip back out of the atmsphere 
uncontrolled. The allowable region of flight 
must be below this equilibrium flight boundary. 
On the  ather hand, the  vehicle cannot be allowed 
t o  dive too far into the atmosphere or the accel- 
eration forces wil l  be greater than lop. k i n g  
%he swi rcu la r  portioR gf the entry, the 
vehicle aust be flown be%+ the upper skip& 
boundary and t h i s  l o w e r  acceleration boudary. 

vector. 
mnsiderea inmpapeI+i t l s  assumed-thsth 
vehicle maintains nearly a constant aerodynamic 
t r i m  condition about the pitch and yaw axis. 

With t h i s  control method, which s h a l l  be 

-~ 

~~ - 
Fig. 3 is a simplified block diagram shoving 

the relatronshlp &?tween vehicle r o l l  coSCro1 a d  
the trajectory dynamics. 
a l t i tude and range variations i n  only the vertical 

later i n  the paper. 

~ ~ 

This diagram depicts 

*ne- fio-ed 
This figure illustrates the 

7rc¶met*-med*tfre-set9. ftre- 
torque about the  r o l l  axis produced by the r o l l  
control j e t s  i s  integrated t o  produce a r o l l  rate. 
Integrating the r o l l  rate changes the r o l l  angle. 
The control of the r o l l  angle is a part of the 
vehicle ”short-period dynamics.” The dynamic 
response of the system which follows a change i n  
r o l l  angle is termed the “long-period” or t ra jec-  
tory Qnamics. 

The r o l l  angle determines the component of the 
-lie -*- ~~~~ 

plane* Theia tegratedChangea inLl l i sYert i ca l  
lift force determine the chsnges i n  the vehicle 
rate of climb. Integrating this ver t ical  velocity 
determines the changes in  the vehicle a l t i tude 
and consequently the changes in  drag acceleration. 
The subsequent integration of drag ap-eleration 
determines changes i n  horizontal velocity, and a 
f ina l  integration determines the subsequent 
changes i n  the &%mange. 

Fig. 3 i l lustrates  that guiding t o  a given 
downrange point is, i n  effect, controlling a 
sidch-order function. With an --board uxfp&ez 
and inertial platform, position and velocity 
informtion can be accurately determined during 
entry, and &dance logic equatSons within t h e  
c o m p w  can determine the proper r o l l  angle 
required t o  capture the vehicle and t o  reach the 
destination. Several trpes of guidance logic 
equations that can be progranmred in  the on-board 
computer have been found t o  be satisfactory for 
supercircular entries. 

well as stored path i n f ~ t i o n . 1 s ~ 2 0 ~ 2 9  I n  the 
present paper, mtomst i~  contr1~1 results wiZl be 
i l lustrated by the  fast-tinte prediction &hod 
outlined i n  reference 29. 

These programs include the 
-4 i+&-e--2L-1+.15.21--* ~ ~ 

- CORmKlL IN PIANmARY ErmIEs 

The results presented were obtained f r o m  simu- 
lat ion studies of automatic and maaual back-up 

The control problem of capture 
vit&in the atrospheres of &h and Mars-will be 
discussed first. Next, s k i p 4  control t o  either 
a parking orbit or t o  extended ranges w i l l  be con- 

- 

Relationship of Control and Qnmi cs 



+ I  
Capture Control For an L/D = 1 vehicle entering the Earth's 

- __ stmokptrere *theexh-eme-erhrp**of 
The control required in  capture for the  

extreme Earth entry velocity i s  i l lustrated i n  
Fig. 4 for entries near the overshoot boundary 

were obtained using the automatic Control method 
outlined in  reference 29. A t  the overshoot 
boundary the vehicle lift is held full down 

the vehicle i s  pulled down into the atmosphere. 
When the p? acceleratlon 1s w, w e  r u u  
aniiie-iis &dated t o  sta>inze-the Tmjeetoiy 

21 km/sec (Vi- 2.7) there is  about a 15-km corri- 
dor. 
required t o  acccllpmodate midcourse guidance errors 

an 
a nnutimwn expected velocity of IZ km/sec (Vi- 3.5) 
will  have an available corridor of about 30 km. 

A l5-km corridor is  on the  order of that 

and near the  log undershoot boundary. These data and atmosphere uncertainties.a'33 A vehicle with - _-_- 
I 0.5 entering the  atmosphere of Mars at 

+ 
The manual control values sham i n  Fig. 6 were 

obtained from piloted s i m u t l o n  stmes l n  wnicn - _- t h e u i l o t  G s  onlv aiven the inf-€.Z%that r 
_- 

ab& equilibrium and t o  msnewer onto the  
desired path. 
Aill positAve lif% is held inim to insure 
that the acceleration w i l l  stay within log. 
peak acceleration the vehicle must be rolled t o  
that negative lift required t o  maintain equilib- 
rium and keep the vehicle from skipping back out 
of the atmosphere. The r o l l  angle i s  then modu- 
lated t o  stabil ize the trajectory about equilib- 
r i u m  and t o  maneuver onto the desired path. 

N e a r  the undershoot boundarythe 

Near 

~ ~ - ~ -  -~ - -- ~~ 

The proper timing of t h i s  rol l  for 
the undershoot boundary case i s  c r i t i ca l  at the 
higher entry velocities. 
Fig. 5 for entries at both Farth and Mars. These 
data are for representative vehicles with a maxi- 
rmrm r o l l  rate of 200/sec. For the extreme Earth 
entry velocity there is  approximately a 1-second 
time leeway within which the roll-aver mnewer 
may be initiated. If t 1l manewer is i n i t i -  
ated Later than this the vehicle will skip back 
out of the atmosphere. Control applied earlier 
than th i s  t i m e  will  cause the vehicle t o  exceed 
log acceleration. For the extreme entry vefOC%ty 
at Mars, the r o l l  -ewer i s  less c r i t i ca l  and 
there i s  about a 6-second leeway within which the  
r o l l  maneuver may be initiated. 

This is illustrated i n  

For the capture maneuver in  Earth entries it 
has been found that increasing the maximwn roll 
rate capability of the vehicle from X)O/sec to 
even an infinite value w i l l  allow only about 112- 
second additional leevay for the maneuver. 
r o a  rates less  t- a m  is - 

essentially no t i m e  leeway within which the r o l l  
-ewer can be perfonned wi€h €he acceIeratlOYi 
peak less than log. It appears that a lnurFwrm 
roll r a t e  of a t  least  20°/sec, which is on the 
order of that for the current Gemini and ApOllO 
vehicles, is  adequate t o  perform the  capture 
maneuvers. 

For 

Proper control timing does not appear emcult 
with automatic control and a high-speed on-board 

pilot 's standpoint, though, if he must perfarm 
the entry with only minflrtd back-up dispfag 
information. 
it safe" and r o l l  a couple of seconds early t o  

The timing is very critical from the  

In this case the  p i lo t  must "play 

I -  

would be available from a back-up roll gyro and a 
single strapped down accelerometer." The pilot  
fouRd control t o  b? w e  difficult i n  the  Earth 
entry than i n  the Mars entry. This was due pri- 
mr i ly  t o  the c r i t i ca l  roll timing required for 
capture and the more unstable control situation 
encountered i n  the Earth's atmosphere as compared 
t o  the Mars atmosphere. For the Mars entries the 
pilot  was able t o  use essentially the f+l corri- 

the nkximum expected-entry vel0E-T For Garth 
entrxes €he pilot vas aWe t o  control ~O@d&w 
Win a 15-km corridor depth t o  &aut Ut= L5.  
This compares with the f u l l  vehicle ca@ility 
which gives a 1 5 h  corridor at about 

-illties of the vehicle beyond V, = 3.5, - 

V i =  2.7. 

With an automatic system, as outlined i n  
reference 29, vehicles can u t i l i ze  most of the i r  
9ull corridor. 
back measurements of velocity, acceleration, ana 
alt i tude rate. Possible errors i n  measuring the 
alt i tude r a t e  have been found t o  be  the most 
c r i t i ca l .  For an Earth entry at V i =  2.7 this 
measurement must be accurate t o  within ~ 5 0  m/sec 
for the vehicle t o  u t i l i ze  99 percent of the 
available corridor and within 
9 percent of the available corridor. 
trast, for entry t o  W s  at the  extreme entry 
velocities, 
known t o  only about 5120 m/sec t o  u t i l i ze  99 per- 
cent of the available corridor. 

Thia wular systemuses feed- 

m/sec t o  u t i l i ze  
In  con- 

= 3.2 the  alt i tude ra te  nust be 

The day-today uncertainties i n  the Earth's 
at.tmospm d5 n 5 € T ~ T o % e r T S U s ~  CiCFc€Xre 
ab i l i ty  of the guidance system¶ t o  u t i l i ze  the  
full corridor capabilities of-the vehicle. How- 
ever, we are not at all sure of vbat variations 
t o  expect i n  the W s  atmosphere. 
if the  scale height of the atmosphere can be 
known within about 525 percent, the vehicle can 
u t i l i ze  the full corridor available at the partic- 

It appears that 

ular t i m e  Of entry.* 



m-out Control 

circular velocities it might be controll& t o  
skip OUE of the at5OEPha and into a w k i w  
orbit or poss5bly to -=%%end range. The exit con- $kipouk height. For the conditions considered 
ditions for achieving the desired alt i tude or 
range objectives are i l lustrated in Fig. 7. These 
data are derived from K e p l e r i a n  equations of 
&ion for the &ra+tmwJpnere -P . --aut al 
qi4eht - 

height within f25 percent there is only a s d  
- moiTii~5xt=am Bktp-xt &tS* - -- - - - - 

When a vehicle apprarches a p W &  a t  Super- 
The right side of pis. 8 shaws that an mor in 

flight-path angle &ire&* affects the m%xl.mUm 

t h e e  is an error of about 860 meters In Ctremrmi-  
rmrm skip-out alt i tude for each &er per second Of 

tit& 

- 

vertical velocity -or at erit. An error of 

T t  PZV) ba seen that for the ship out t o  is also found fOr each 

t o  accelerate the vSii€Eie m--xW&re+* - 

Per Second of h e -  

-* QZ =e-t&re i s  a z0-1 V ! % ! ? % W  --- L _- 
choice of the combinations of exit angles and 
exit velocities which Ki l l  meet these objectives. 
The choice of d t  condition and the manaer in 
which the vehicle muat be controlled to  ar r ive  a t  
t h i s  condition Kill  be discussed brie-. R w e -  
sentative examples wi l l  i l lust rate  the skip& 
control into a parking orbit about k s ,  and the 
skip+ut control t o  extend the range a t  Earth 
return. 

The guidance within the atmosphere t o  reach the 
parking orbit consists i n  controlling the vehicle 
vertically t o  the desired marirmrm Skip-OUt & t i -  
tude and i n  controlling Laterally through the 
desired plane angle change. 
is needed then, pesl the d ? a B Z f L  drip-out alti- 
tude t o  circulsrize the orbit. 
of control within the atmosphere is discussed i n  
this paper. 

depends on nrrqy considerations. 
cally: 
into orbit; t o  minimize effects of messureinent 
errors; t o  minimize effects of density uacertain- 
ties; t o  mt~&&ze heating vithin the atmosphere; 
etc . 

A thrusting maneuver 

only that portion 

The choice of exit conditions t o  control 
These are typi- 

t o  minimize thrust  required t o  in$ect 

I n  order t o  minFmize the thrust requird t o  
- i&e& the vehicle into orbit, the- exxt should be 
made at a shallow angle. 

~ 

Rill negative l i f t ,  at the t i m e  of exit. nDst of 
the other considerations, noted however, requjre 
that the vehicle be flown t o  steeper exit  angles 
and exit holding near zero lift. 
included t o  i l lustrate  control r e ~ u l t s " ~  in such 
a skip-out manewer. These data show the &v%- 
t ion of the mimum skip-out altitude actually 
achieved during the skip& w u v e r  *Om the 
desired =king orbit altitude as a function of 
density scale height and exit angle error. 

This implies a iiGE ~ 

Fig. 8 i s  

As gresepted on the left side of Fig. 8 the 
skip& error for positive scale hefght varia- 
tions is found t o  be mininal. Bor negative S c a l e  

can compensate for some of the errors in the skip- 
out nmneuver. 

&Ip& range control i n  Earth entries.- I n  
the skiu-out manewer i n  Farth entries the consid- 
erations of ~peasurement uncertainties and heating 
are  of primary importance. From Fig. 7 it can be 
seen that the steeper the d t ,  the less sensitive 
the raoge t o  chaages in exit angle. FrCa the 

p o e A t ~ w t t e e & & ~ r e e g e t  lzlisalso 
LmpUea an &t at steep f l igh t -p th  angles. 
exit angfe a- 5"; close ta the maxiwrm ai 
angle that can be achieved for typical entry con- 
figurations, appears t o  be reasonable for extended 
range control a t  Earth. 

In the ski 
certain exi€ e ccmpensate-3 € 5 ~  
the second entry. 
xhere the attainable range during the second entry 
is presented for various conatant L ~ D  trajes- 
tmfes .  
of Ifi,ooO km* an L/D = 0.4 vehicle can conwensate 
for skip& range deviations on the order Of 

lon and an &/D = 0.8 vehicle c~pl anupemate 
for skip& range deviations on the order Of 
fl,W km. 
measurement errm are campsred t o  these rangIqg 
c a p b i l i t i e s  i n  Fig. 9. 
that a vehicle with an LfD Cspabiliw of less 
than about 0.4 is aarginal in its abi l i ty  t o  corn- 
p-Te tkese typk-&--~& -- A- 

cussion; tbat is, more accurate skip& centre% 
is mandatory with lower LfD vehicles, and less 
accurate s k i p 4  control can be tolerated with 
higher L/D vehicles. For a vehicle with an LID = 1, exit angle errors up t o  u.9' or e t  
velocity errors up t o  6 0  dsec can be tolerated 
and a satisfact- teradnal control -er cap 
be perforardl after the skip & - 

An 

er for extended range, 

This is ilh&Ated i n  pig- 9 

For d u a l  s k i m  raeees on the mder 

Raage deviations due t o  representative 

These data i l l u s t r a t e  

--- 

impartant tradeoff c m  be inferred horn  this dis- 

Terminal  range Control i n  Earth entz'y.- The 
discussion in this section applies bcAh t o  the 

- -  - _ _ -  
desired. For uncertainties i n  the density scale 
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A trajectory is i l lustrated i n  Fig. u) for the the pilot  must interpret five separete levels of 
ce&r& e W a d  r a e g e h g a r o l l - m d -  infm!nk%tlm aed the &mum error is on the order - -- 
vehicle.e7 The vehicle &eS its r a e  aruKwer of 30 km. 
at a velocity of f = 1.4 and about 3000 km frm 
the desired destination. This is representative In  the accelaation command displa;y, shown 

next, the range and velocity information is inCor- 

t o  its desti&tion. This force d e t d n e s  the 
mgnitude of the roll angle. 
r o l l  angle (i.e., right or left) is determined 
by the crossrange t o  the destination. AB shown 
i n  the figure, the vehicle is allowed t o  fly t o  
one side until the crossrange exceeds a design 
envelope at which time the sign of the roll aagle 
is reversed. The design enVelOEe is a converging 
deadband that represerrts about one-half of the  
crossrange capability. The r o l l m e  histmy 

The sign of the 

-- 
- - 

~ fF%iFZiiF-m-- 
c O r 2 - S ~ ~  to  the croasraage reversal  points. 
With this  crossrange control method, the trajec- 
tory converges t o  the destinstion 88 shown. 

With automatic guidance systems and this  type 
of control technique, the f ina l  steering errors 
are  very smssL, on the order of 1 km. The pri- 
--cc+ribution t o  the wer-all final error is 
the abil i ty of the inertial sys€elB t o  38888we =e 
vehicle's position. 
opposed t u  steering error) with present "state- 
of-theart '  inertial equipment and updating is on 
the  order of 1 los for each 1ooo km of range 
traveled during entry.97 It should be pointed 
out that during entry, a t  a l t i tmes  between about 
50 and 100 km, a plasm sheath will  efteompess the 
vehicle and ~IQ' updating from the ground ney be 
impossible. Below 50 km guidance information Can 
be relayed t o  the vehicle t o  control the fi& 
touchdawn. 

 his navigation error (as 

Now the abil i ty of the pilot  t o  perform the 
t&& - - e a  aauevx# la a func-d 
the display information he is given. It waa 

raage represents a sixth-arder control task. 
order for the pilot  t o  c o w 0 1  range he must keep 
i n  mind six levels of lead information, unless, 
of course, this inforn&ion is ccrmbined i n  a m o -  
priate display amaagements. Fig. 11 is included 
t o  i l lustrate  the mrdnnrm expected terminal 

arrang@s that incorporate pogressive levels 

~ ~- - -  ~ 

mUb&UUtfnm. 3 t b % # e & F & o f h  ~- ~ - -  

In 

steerieg errors associated with variaw disple3r 

of lead infoln€xtion.- 

!&e ffr0t  seesistpd a4 8 l x  
separate displays representiag -urementS of 
each of the six state  variables. H e r e  it is seen 

arrang-, the terminal steering error can be on 
the order of 1 km. 
as good 88 that  of the fully automatic system. 

Th i s  represents an a c c w  

The pilot 's ratings- of the various display 

Without 
arrangements with short-period augmentation both 
i n  and out are  i l lustrated i n  Fig. 12. 
stabi l i ty  augaentation the pilot  must d ~ l l p  short- 
period oscillations about the pitch & yaw axes 
as well as perform the guidance fuactions about 
-*----------------------- ----- - - - -  - -  

With short-period s tabi l i ty  aupentation in  it 
is seen tha€ display a r r a n g e  VMctr g ive  the 
guidance task t o  at leaat a third-order function 
(i.e., acceleration rate  c-) are satisfactory 
for nonml operation. Without short-period 
stabi l i ty  augmentation it is seen that only guid- 
ance display enangements which give a r o l l  ra te  

are C~~BT&SFSCGX€I~TMZC?€F Tur nunmit 
operation. 
t o  look a t  three short-period rate  instruments 
(roll rate, pitch ra€e, yaw rate) anb carrect the 
rates about each axis. 

In this situation the pilot  has simply 

If' the on-%oarU computer Emdprecisfon inertial 
measuring esutpment bave aot Pailad during 
and the pilot  must control the vehicle (such as 
with an autopilot failure),  it is  reasonable t o  

c& as would the c q l e t e l y  automatic system. 
I f  the precision inertial W u r i n g  equipment is 
not operating amine, entry, however, there is the 

appears possible, i n  emergency situations of this  

a single strapped dam acceleration as measuring 
devices.i*7*2e The gyro (m a v i e w  of the outside 
scene) can indicate t o  the pilot  the horizon r o l l  
angle. A display of the acceleration can give 
relative alt i tude changes within the atmosphere. 
With the proper d i n g  of the accelerometer on 
the p.srtic* vehicle configmation27 an inte- 
grat5on of the accelerometer output can indicate 
velocity changes, and a second integration can 
indicate range chaDges. These types of bach-up 

gation errors M the order of 1 t o  3 percent of 
the entry raoge as ccrmpared t o  errors on the 
order of 0.1 uercent that  are mesentlv exuected 

mve the pi% -by the ratt rate 01 rexi + s e e  

-m=urd2 -It- 

tyeer h UE.0 a 8t€apFeLaJimroll gpnalMg m i t h  

-m m e  ECWCked t 0  @Ye t e d  Md- 
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This paper has i l lust rated several considera- 
tions for the guidance and control of space 
vehicles entering the atmospheres of Earth and 
k s  . 

First, the control at &reme entry velocities 
requires a large negative aer06~118~1€c force t o  
keep the vehicle within the atmosphere. 
uncontrolled aynaraics in this situation me 

The 

h - p  

I 

ot 

For Earth entry velocities up t o  21 kdsec 
there is approximately a 1-second time interval 
within which a roll manewer must be initiated t o  
insure captwe without exceeding a 1% limit. 
When automatic control is used i n  the capture 
maneuver, there is essentially no degradation i n  
the usable entry corridor depth. 
piloted back-up systems, though, successful cap- 
tu re  is limited to  entry velocity less than aboat, 
19.5 wsec because of the  critical timing of the 

manewer is less critical, and either the piloted 
back-up or automatic system can use essentially 
all of tbe  a w i h b f e  c m l b o r  bept;h. 

For simple 

(3) Anon., "A study of W ~ Y  &mea Interplane- _ - _  - 
k e a y w & s i ¶ s - ~ & B ~ s k p e a t ~ " ~  

Contract NAS 8-5026, General ~ C S /  
Astronautics, Rep. AOE 63-0001, Jan., 1963. 

(4) h n . ,  mterp-ary msim st* - 
Sunagsy R e p o r t  - Volume I," IYASA-EEIFC Con- tract NAS 8-5024, LoclrheedWissiles a& 
Space Co., Rep. 8-32-63, March, 1963. 

- _  
_ -  

(5) Jones, A. L., ed., 

Ames Research Center, Contract NAS 2-1408, 

I n  considering skip-out control t o  a parking 
orbit at Mars there is a direct correspondence 
between system perfomsnce and measurement 
errors. 
&25 percent cause essentiauy no degradation of 
performance, however. 

Density scale height uncertainties up t o  

In the skip& =ewers for extended -e, 
certain exit errors can be compensated duriog the 
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